In Turkey, most of the common type projects of mass production residential buildings are being developed and constructed by TOKI (Housing Development Administration of Turkey). These buildings, in which energy efficient approach has been disregarded for years, cause to gradually increase on heating and cooling energy consumptions. In regards to national economics, it is essential to evaluate energy efficiency and to develop suggestions to decrease energy consumptions in residential buildings. To achieve appropriate solutions, cost evaluation also becomes necessary. Therefore, this paper aims to introduce a study which serves the purpose of producing a choice of energy efficient solutions in order to reduce energy consumptions and energy cost. In this study, different heating and cooling energy efficient scenarios have been developed for a selected residential building, constructed by TOKI, for climatic zones of Turkey. For each scenario, energy simulations have been executed by means of the simulation program-DesignBuilder, the user-friendly visual interface of EnergyPlus, and cost analysis has been carried out by using the net present value and discounted payback period method. As a result, energy and cost effective solutions have been presented and discussed for different climatic zones.
Introduction
Buildings sector is among the most energy intensive sector, and it is looming large in terms of energy consumption and environmental impacts. It shall be considered as a priority area for all policies dealing with increasing energy efficiency and combating environmental problems.

In Turkey, built-up areas, disregarding energy efficient approach for a long time, have been causing the gradually increase on energy consumption. Especially, nationwide investments of mass production residential buildings by TOKI (Housing Development Administration of Turkey) that has been responsible to meeting the dwelling demand rapidly since 2003, have the significant role in energy efficiency level of building sector. In terms of national energy economics, evaluating the energy efficiency level of these existing buildings, developing suggestions for the reduction of energy costs, in other words, energy efficient retrofitting is extremely important at the present days.
Depending on rising standards of living and population growth, the energy demand increases in spite of energy resources depletion. A great portion of energy is consumed by existing residential buildings to achieve comfort conditions in Turkey. On the other hand, it is necessitated to alleviate energy import dependency of Turkey and reduce the environmental effects related to energy consumption, efficient use of energy in buildings. Efficient use of energy means minimizing the energy need without compromising the social welfare, comfort conditions, required performance level and quality. In this context, energy efficient retrofitting of existing residential buildings in D DAVID PUBLISHING
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building sector has great importance to achieve the energy efficiency potential of 35%, declared by the General Directorate of Electrical Power Resources Survey and Development Administration of Turkey [1] .
To appraise this potential and increase energy efficiency in Turkey, energy costs have to be taken into account. In parallel with increasing energy demand, energy cost is also rising. Furthermore, while various scenarios are developing to reduce heating and cooling energy from the existing residential buildings, cost effectiveness of these scenarios has also to be proven.
Therefore, to solve energy problems, while realizing the increasing energy demand and energy cost, energy and cost effective retrofitting of existing residential buildings has gradually greater importance. This paper aims to introduce a study which has been carried out with an evaluation on energy and thermal performance for residential envelopes by developed scenarios, ensuring cost effective energy efficiency opportunities, also incorporated into new buildings.
In this paper, the potential improvement of scenarios was assessed in terms of energy savings, by using the energy simulation program, as well as the costs of these options, according to net present value and discounted payback period method, for the different climatic zones of Turkey.
Methodology
In this study, different energy efficient scenarios, based on building envelope, were applied to existing residential building to evaluate heating and cooling energy consumptions, cost of energy consumptions and initial capital investment of these scenarios. The heating and cooling energy consumptions of existing residential building have been calculated for Istanbul, Ankara, Antalya, Diyarbakir and Erzurum which are representative cities of Turkey for temperate humid, temperate dry, hot humid, hot dry and cold climatic zones, respectively. These climatic zones are based on the results of the previous scientific researches which had been carried out in Istanbul Technical University [2] . On the other hand, in Turkish Standard TS 825-"Rules of Heat Insulation in Building", Turkey has divided into four different climatic zones, where Istanbul and Diyarbakir are taken into the same climatic zone, in spite of different climatic characteristics [3] . Table 1 shows the explanation of different climatic zones of Turkey and representative cities of these climatic zones.
Building Model
The selected existing mass housing project was ERB and the other blocks were modeled on site according to project, to take into the shading effects of buildings in energy performance calculations.
For ERB, each apartment area and hall were accepted as a zone, means heated/cooled area. The core units (stairs, elevators, and fire stairs) and ventilation plenums were accepted not conditioned areas, as seen in Fig. 2 . According to construction characteristics of ERB, for external walls, type 1 and type 2 consisted of 20 cm aerated concrete block, 20-cm reinforced concrete block, respectively. For flat roofs, the finish layer was distinctive mark for two types. The finish layer for type 1 was ceramic, for type 2 was gravel. Thickness of existing insulation of the wall, ground floor and roof constructions and relevant U values, are given in Table 2 . 
Calculation of Heating and Cooling Energy Consumptions for ERB
In order to evaluate the energy performance of ERB, annual heating and cooling energy consumptions were calculated by using dynamic energy simulation program "DesignBuilder" that is user-friendly visual interface of Energy Plus [4] .
To perform energy simulations, outdoor climate data for five climatic zones of Turkey, were taken from "IWEC (International Weather for Energy Calculations)" files. For the energy consumption calculations, "typical meteorological year" file was used. Metabolic rates were set as 110 W/person for apartment zones. The thermal resistance of the clothing is measured in units of "clo" and for winter clothing 1 clo, for summer clothing 0.5 clo were used.
According to environmental control, for apartment zones, the comfort value for indoor temperature was assumed to be 21 °C for heating period and 25 °C for cooling period. For halls, heating set point temperature was accepted 18 °C. Natural ventilation was taken into calculations as minimum fresh air (l/s-person) (litre/second) parameter, accepted value was 10 [5] . Hot water radiator central heating system was defined. COP heating was accepted 0.65. Fuel type was defined as natural gas. Cooling system was not designed for the ERB. For this study, characterized cooling system was accepted to evaluate how much energy would be need for cooling of ERB. COP cooling was accepted 4.50. Fuel type was defined as electricity. According to the cooling demand data, if the indoor air temperature was higher than 23 ºC, and the outdoor air temperature was less than the indoor air temperature, natural ventilation would be accepted "on" mode.
Improvement of Scenarios
In order to decrease energy consumption for heating and cooling, different scenarios related to building envelope, were defined in three categories as below:
 improving the opaque components of building envelope (walls, ground floor, roof) (Sc 1 , Sc 2 );
 improving the transparent components of building envelope (windows) (Sc 3 , Sc 4 );
 combination of previous scenarios (Sc 1 , Sc 2 , Sc 3 , Sc 4 ).
Overview and characteristics of scenarios, mentioned above, are shown in Table 3 . Energy simulations for each defined scenarios as above, were carried out for the cities, mentioned in Table 1 .
The assumptions for the scenarios of improving the opaque elements were based on the upper limit U values for walls, ground floor, and roof, which were defined in TS 825, shown in Table 4 .
According to Sc 1 , existing opaque elements which were not appropriate to the upper limit U values, defined by TS 825, current insulation thickness were increased to achieve them. As to Sc 2 (the second scenario), extensive green roof application (infill soil thickness is 15 cm) was used. For different climatic zones, if the calculated U value of green roof was not appropriate to U roof value, defined by TS 825, existing insulation thickness would be increased. For Sc 3 (the third scenario), glass type was varied according to the conditions of climatic zones. For Istanbul, Ankara, Diyarbakir, heat conservation glasses (low-e coated on second pane), for Erzurum, heat conservation glasses (low-e coated on third pane), for Antalya, solar control and heat conservation glasses (reflective and low-e coated on second pane) were used, instead of clear Heating, cooling and total energy consumptions (based on primary energy and primary energy factors for electricity and natural gas were taken from CEN (European Committee for Standardization) Standard EN 15603 [7] for all scenarios were compared with the ERB current consumptions, according to each climatic zones and calculation results are shown in Figs. 3-5.
Cost Analysis
To understand the economic feasibility of energy efficiency scenarios, cost analysis was performed according to NPV (net present value) and DPP (discounted payback period) method.
In this study, square meter unit prices of energy efficient components were obtained from related companies in Turkey. The unit price of electricity and natural gas were taken from Turkish Electricity Transmission Company [8] , and Istanbul Gas Distribution Inc. [9] , respectively. For this study, a fixed annual percentage interest rate of 10.41% [10] and inflation rate of 8.65% [11] were used. Evaluation period of cost analysis was accepted as 20 years.
Initial capital investment was comprised of insulation (walls, ground floor, roof) and window cost, assumed to be the same for each city. For each scenario, NPV was calculated according to the sum of initial capital investment and discounted total energy costs for 20 years. Table 5 shows the incremental cost of each scenarios, compared to the base case, the corresponding annual energy savings ($), NPV ($) and DPP (year-month).
Results
The evaluation results of heating and cooling energy consumptions of ERB according to different climatic zones, using by DesignBuilder simulation program, can be summarized as below.
As seen in Fig. 3 , compared to the base case lower heating energy consumption was achieved by Sc 1 , Sc 2 , Sc 3 and Sc 5 . On the other hand, using solar control devices on the west, south and west facades only for overheated period of different climatic zones (Sc 4 ), did not have any effect on heating energy consumptions. Sc 1 , adding insulation layer, provided the lowest heating energy consumption for Ankara and Erzurum, compared to other cities. As to Sc 1 , energy consumptions for heating were decreased by 8% for Ankara, 13% for Erzurum, compared to the base case. For Istanbul, Antalya and Diyarbakir, by applying Sc 2 , green roof application, heating energy consumptions were reduced by 4%, 9%, 6%, respectively. According to Sc 5 , combination of all scenarios, the heating energy consumptions for Antalya increased more than the base case while decreasing the other cities' heating energy consumptions. By applying Sc 5 , the reduction ratios of heating energy consumptions, except Antalya, were more than that of Sc 1 and Sc 2 .
As shown in Fig. 4 , Sc 3 , Sc 4 and Sc 5 reduced the cooling energy consumptions compared to the base case. Sc 1 , adding insulation layer, and Sc 2 , green roof application, did not have any effect on decreasing the cooling energy consumptions. By applying Sc 3 , and Sc 4 , the reduction ratios of cooling energy consumptions were 32%, 34% for Istanbul, 46%, 52% for Ankara, 33%, 25% for Antalya, 26%, 26% for Diyarbakir, 37%, 57% for Erzurum, respectively. By applying Sc 5 , cooling energy consumptions were also reduced more than that of Sc 3 and Sc 4 .
As seen in Fig. 5 , all scenarios provided lower total energy consumptions, based on primary energy, than the base case for all representative cities of climatic zones. But one of these scenarios provided the lowest total primary energy consumptions than the others, compared to the base case. For Istanbul and Diyarbakir, by applying Sc 3 , total primary energy consumptions were reduced by 8%, 7%, respectively. For Ankara and Erzurum, by applying Sc 1 , total primary energy consumptions were reduced by 7% and 12%, respectively. For Antalya, by applying Sc 4 , total primary energy consumptions were reduced by 17%. As to Sc 5 , the reduction ratios of total primary energy consumptions, for Istanbul, Ankara, Antalya, Diyarbakir and Erzurum were 16%, 15%, 24%, 16%, 20%, respectively.
The evaluated energy consumption values of each scenario were used to calculate the annual cost savings. To determine the NPV value for each scenario, the sum of energy cost (electricity + natural gas) and initial capital investment of each scenario were used to calculate the present worth of cumulative cost for the life span of 20 years. DPP was also determined to analyze payback periods of scenarios as year. Table 5 shows the cost calculations, performed according to financial data of Turkey. According to the results, among the scenarios, Sc 1 and Sc 3 could be accepted as cost efficient scenario, in terms of higher NPV values and short payback periods compared to the other scenarios. Sc 3 was the most efficient scenario than Sc 1 in hot climatic zones. In terms of negative NPV values, compared to the base case and long payback periods more than 20 years, Sc 2 and Sc 4 were not economically advantageous for all cities, especially because of incremental cost of these scenarios. In hot climatic zones, despite annual savings for Sc 4 was higher than that of Sc 1 and Sc 3 , applying this scenario could be avoided because of high additional cost. Also for Sc 5 , the same reasons, mentioned for Sc 4 and Sc 2 , made negative impact on the applicability of this scenario. On the other hand, when energy costs are expected to increase faster than building costs, the cost-effectiveness of the scenarios will be even higher. and 2011. However, in a development process which echoed the earlier experience of many European countries, the emphasis was on volume and speed of production rather than on quality standards. Much of the production was in the form of peripheral estates of high rise blocks, with a low priority for environmental standards [12] . Contrarily, by UNDP (the United Nations Development Programme) project promoting energy efficiency in buildings in Turkey, TOKI, one of the partners of this project, will have a significant effect on reforming the residential building industry based on identified energy efficiency investments [13] . Within this context, it is a key area of focus for energy conservation in Turkey to reduce energy consumption related to heating and cooling in existing buildings by improving the building envelope as energy and cost effective, because the energy consumption of existing residential buildings drains a major part of Turkey's energy resources, so is in other developing countries. It is obvious that the reduction of energy costs in residential buildings will also contribute to cost reduction in other sectors. Therefore, in this study, possible scenarios were advised to improve the energy efficiency of an existing building, built by TOKI, according to different climatic zones, and economic feasibility of these scenarios was analyzed. According to the results of the analyses, a reduction of 4%-13% in annual heating energy consumption, a reduction of 25%-57% in annual cooling energy consumption, and a reduction of 7%-20% in annual total energy consumption based on primary energy were found, and positive NPVs were achieved for all climatic zones by Sc 1 (adding insulation layer) and Sc 3 (changing existing window type) and DPP varied between approximately two and 15 years for these scenarios.
In this study, limited cost-optimal energy efficient scenarios related to building envelope were analyzed to reach general results and provide energy and cost efficient scenarios according to different climatic zones of Turkey. According to the results of this study, it has a great importance for the reduction of energy costs to implement energy efficiency program for existing residential buildings at modest cost, concentrating on space heating and cooling energy consumptions, regarding to climatic zones. Increasing awareness to the impact of rising energy prices on heating and cooling energy consumptions costs will provide insight into the energy regulations as how to exploit opportunities to minimize the heating and cooling energy consumptions, in accordance with the regional and climatic conditions. For that, this analysis becomes more crucial to make sense of different energy efficient scenarios as economically feasible for retrofitting mass production buildings in Turkey, and to create a design guide related to climatic zones.
